Öz Purpose: The aim of the present study was to investigate the difference in dynamic plantar pressure distribution changes in patients with degenerative knee arthrosis before and eight months after total knee arthroplasty (TKA) surgery.
INTRODUCTION
The lengthening of life span leads to emergence of an elderly population, most of whom are substantially affected by osteoarthritis 1 . Total knee arthroplasty (TKA) is the most prevalent surgical 93 procedure in end-stage knee osteoarthritis 2 . TKA offers pain remission, enhancement in function, and enriched life quality in the majority of patients. Nevertheless, as an artificial joint transferred to the knee, thus devoid of some features because of the altered biomechanics, the propelling force for walking forward is reduced, and a mechanical stress occurs which is associated with undesired weight distribution on prosthesis biomechanical variations that may result in early failure 3 .
Quantitative gait analysis is beneficial in assessing the outcomes of TKA performed even three decades earlier 4 . Thenceforward, it has been used progressively to assess patients with TKA 5 . Commonly, the gait pattern of the elderly is comparable to that of patients with TKA. This gait pattern reveals a reduction in capability to move the body forward because of weakness of lower limb joints which causes functional limitations, rest pains and functional weakness of knee extension and flexion 5 . The motion range in a gait cycle was already found to be limited in patients with TKA 6 .
Moreover, the gait pattern of patients with TKA is 16-22% less than the normal 7 McClelland et al. revealed that range of motion in a gait cycle is lower in patients with TKA compared to normal individuals, and that the accompanying changes in moment patterns were related to improper stimulation of the rectus femoris and hamstrings 8 . It should be noted that the TKA is planned to use under normal gait patterns. Abnormal gait after TKA may cause impairment in using the prosthesis and upsurge the probability of revision surgery.
The aim of the present study was to investigate the difference in dynamic plantar pressure distribution changes in patients undergoing TKA surgery before and eight months after surgery. Our hypothesis was that the laterally concentrated preoperative plantar pressure distribution would replace medially after the procedure which is more congruent with normal individuals.
MATERIALS AND METHODS

Study design
The study was conducted in accordance with the principles of the Helsinki Declaration. A total of 15 knees of 13 consecutive patients with severe osteoarthritis who admitted to the Department of Orthopaedics and Traumatology of our university between 2013 and 2014 constituted the study group. All patients had genu varus deformities. PCLresected prostetic disagn Sigma Total Knee System was used on all of patients.
After obtaining written informed consent to participate in the study from the patients, the preoperative assessments were done. Inclusion criteria were as follows: 1. Primary TKA surgery for primary knee osteoarthritis; 2. no other symptoms of hip and ankle pathologies while walking; 3. no other lower extremity alignment disorder or leg length discrepancy; 4. being able to walk without a cane.
Exclusion criteria were as follows: 1. postoperative complications such as deep vein thrombosis and fall; 2. neurological conditions or other diseases affecting gait ability; 3. limited walking with or without a cane postoperatively; 4. patients diagnosed with rheumatoid arthritis. All surgeries were performed by the same main surgeon, using median parapatellar approach.
Outcome parameters
The assessments were performed preoperatively and at 8 months postoperatively. An EMED SF-4 pressure sensitive platform (Novel gmbh, Munich, Germany) was used to measure the barefoot plantar pressures of the participants' feet. A 225×440 mm dimension pressure plate, integrated into a walkway of six-meter length and a matrix of high quality capacitance sensors. The data were collected at 50 samples per second and analysed on a computer 9, 10 . Subjects were asked to walk at their normal gait speed. All subjects took at least three successful gait cycles before touching the platform. Three stance phases of each foot were recorded. Two identical steps were selected for further analysis, and the mean of these records were used for statistical analysis.
Stance phase duration (ms), total plantar pressure (N/cm2) and CoP patterns during gait were recorded. CoP records the succession of instantaneous positions during the entire period of contact between foot and floor and is plotted as a sequence of points on the ground plane (Figure 1 ). It takes into account the displacement of load throughout the foot during the stance phase of a gait cycle and contains useful information regarding the anatomical structures acting in and on the foot during walking.
Statistical analyses
Data were analyzed using the IBM Statistical Package for Social Sciences v.15.0 (SPSS Inc., Chicago, IL, USA). Non-parametric tests were used to determine the distribution normality of data. A P value of 0.05 or less was considered statistically significant.
RESULTS
A total of 15 knees of 13 patients were included in the study. Of the 13 patients (6 males, 7 females) whose charts were reviewed, the mean age was 62.3 years (56-72 years). The mean stance phase durations in the pre and postoperative periods were 987 ms and 801.5 ms, respectively (p=0.1). The mean total plantar pressures in the pre-and postoperative periods were 1257.75 N/cm2 and 1436.0 N/cm2, respectively (p=0.09). CoP patterns during gait were found to be more laterally located in the preoperative period and changed medially after the operation. Mediolateral area difference was 0.69% in favor of lateral location in the preoperative period and changed to 5.17% in favor of medial side (p=0.09).
DISCUSSION
The present study aimed to investigate the difference between dynamic plantar pressure distribution changes in patients with degenerative knee arthrosis before and eight months after TKA surgery. The results of our study revealed that, although not significant, stance phase durations decreased; total plantar pressures increased; and CoP patterns changed to medial location in the postoperative period. It is essential to identify whether gait pattern is normal after TKA surgery to lessen the threat of additional impairment and deterioration of joints of the lower extremity. Normal gait pattern is welldefined as the gait pattern displayed in healthy grown-ups who do not have any injuries or surgeries of the lower extremities. Functional outcome measures are generally used after TKA to evaluate whether patients have returned to regular walking.
These types of assessment of TKA patients after surgery steadily show considerable enhancement in daily life activities 11 .
Gait analysis after TKA has been assessed with two systematic reviews over the past few years 12, 13 . These have shown consistently reduced total range of motion in the knee and reduced range of flexion during stance. More recently, similar results have 95 been reported for reduced knee angle during stance 14 .
Benedetti et al. compared TKA patients and asymptomatic controls, and revealed reduction in two typical peaks of the knee adduction moment profile throughout the stance phase of the gait at five, twelve and twenty-four months postoperatively; however, outcomes of TKA could not be assessed since preoperative values were not recorded 15 . Reduction in knee adduction moments have been established pre-and post-operatively, but these reductions were not statistically significant 16 . In these studies, both varus and valgus knee joint configurations were involved that explains the lack of major variances. In the present study, stance phase durations in the pre-and postoperative periods were 987 ms and 801.5 ms, respectively. Besides, total plantar pressures in the pre-and postoperative periods were 1257.75 N/cm2 and 1436.0 N/cm2, respectively.
During walking, the forward movement of the whole body centre of mass is controlled by the CoP 17 . Reduced CoP dislocations in TKA could lead to difficulties in sufficiently controlling dynamic steadiness. With the loss of the normal knee joint, the constancy of the artificial knee joint throughout stance becomes dominant. CoP patterns during gait were found to be more laterally located in the preoperative period. This was thought to be related to the valgus position of the subtalar joint and varus malalignment of the knee joint, which was a common finding in our patients. After realignment of the knee into slight valgus position during the surgery, the valgus position of the heel changes to valgus position as well. CoP patterns changed to medial location in the postoperative period. The reason for this change was thought to be related to the realignment of the knee and the heel. Mediolateral area difference was 0.69% in favor of lateral location in the preoperative period; however, changed to 5.17% in favor of medial location (p=0.09).
Characterizing the whole set of active joint modifications from the preoperative to postoperative state delivers objective data on implant function for rehabilitation and long-term prognosis. This study has several limitations. First, the sample size was small so it is difficult to generalize the results to all TKA patients. Second, we did not investigate whether the patients needed a cane during walking at hospital discharge; therefore, we could not exclude its influence on gait fluctuation.Finally, this was a single-institution study and some caution should be taken before generalizing the findings to other settings. Due to these restrictions, associations should be interpreted with caution. It seems that for the surgical realignment of the knee, like TKA and osteotomies around the knee, the kinematic chain of the lower extremity must be considered and gait analysis will be helpful in deciding the type of surgical treatment.
